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(54) LtGHT e»/!rrrtNG ELERHem- iiSOU»TiN6 MEfifiBER, AND SSfiHICONOUCTOR DEVICE USING 
THESAfiSE 



(57) The object of {he present invarftion is to pro\^de 
s BgW-emiaing etetnsnt mounting member anci « semi- 
conductor device using ti^iS aams that is easy to process 
and that allows adequate heat dissipatiort, 

A tight-emitting ei&msnt riiountSt^g member 200 tn- 
CiUdeB: a subslrate a inciuding an eiemetit mounting 
surfacs 2a mounting a semiconductor !ight»emitting st- 
ement 1 and first and seeorjd conductive regions 21 , 22 
tiispoeed on tfie element mouniing surface 2a and con- 



nected to tiie semfconductof iight-emiaiog eismsnt 1 ; a 
reflacBvemmiberg inoiuding areftectlve surface Ba de- 
fining an if«emai space 6b for lioiistrjg tfte semiccndLic- 
tor iigi^t-smitting eiement 1 and ccsntaining a meta} dis- 
posed on {be eSsment mounting surface la, and a metal 
Saysr 1 3 disposed on tlie reftactive surface 6a. The re- 
fisctive surface 6a is sioped .fslative io the eiemsnt 
mounting surtace 2a so that a dianeter of tlie interna! 
space 6b is greater away from fte ©lemsnt mounting 
surface 2a. 
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Desertion 

Technioa! Rgid 

lt)001] Tho presens Iwsmion relsteete a iighf-smming eietTient mDuntiiig member antJ a semlcondoctor device using 
Lhe same. More specificaiiy, iha pmssnl inveniion reSaies !o a iighi-smitting mourjting etement for mounting a iight- 
erriiUifig diotls, a semiconductor iassr, or the ftke and a semicooduclor device using the same, 

Backgtoond Art 

pJOOai An exampfe of a oonventionai member for mourfting semiconductor Bght-smitting elements is described in 
xJapaneee Laid-Opcn Patent Pufeiication Numiaer gOOS-232017. 

[0003] tfi the semksjnductor motmtlog msmbof described in this pubffcstfon , a substrata and a oerarfjio windowf rams 
surrounding a Bght-smitEing efsment ts f O(rt^0d from a ceramic (laviog as itis main comported atumlnum oxkSs, aiuminum 
nitride, or ttTel((<e, 

[0004] Wish tiis ionreass in output in iighi-sn lisiRg f^iemsnts fn racent jfsars, tiisr© has also bssn an incrsase in heat 
gensratsd by semicortductor fight-ernittiriQ eiemenis When a ceramic havirtg atuminum oxicte as its main component 
(iiareinaftar referred to aiso ss alumina) is used in the substrate and the window frai-ne, adequate heat dissipation is 
not possibfe, iesding to increased temperature, 

fOOOSJ Furtttemrtore. if aiutninum nitride, wt^ich has tiigh themiaf conductivity, is used, *e raw mateiiai is mors ex- 
psnsive and tiarderto procsss than atomina. Futthefmorei if a mstsiiized layer is tomisd on thssurfaco, a metaiiized 
layer tiaving W or Rflo misst gsneraiiy be formed fitst, in such cases, a method is ussd in which a metaf paste hawtvg 
W or Mo as its main component is first appiisd to a green sheet and then this fe fired together with the main aiuminum 
nitride ceramic unit (co-fired meialiteing). With this motfiod, however, themiai defbtmation and the illca taice place during 
firing, making it di^cuit to pracisetyfwm a metaiiized layer with afina pattsm, of less than 100 microns. 

Otsciosure of invantton 

pmsi The objeci of the present invention is to overconie ;he prabiems described abovs and to provide a Ifght- 
emitting alemerit mounting menber atid semiconductor device that uses the same tnat has high themta! conductivity 
and that is sassf to process. 

[00071 Jim present inventors perfontvad various invesfigations regarding iight-emSttng element mounting members 
that adequatsiy dissipate heat generated by semiconductor iigtit-emitting elements and that are easy to process. As 
a result, it was found that pfsfsrabie characteristics can be obtained by using a mounting member with high therms! 
conductivity by tnciuding metal in a refiecSive fiieniber, 

[0008] in order to achieve the object dsscnbed above, a fight- emitting eiement mounting metriber according to the 
present invention includes-. asubsiraSe including an eisment rnountiag surface mountiriga sernicondiictoriighS-smitting 
element and first and seccrfd conductive regions ciispDsed on ihe eiemer:! mounung surJace and connected to the 
aemscondiictor iight-emiBing eiemen;; a reflecSivs membsr including a leileoiive sufi-ace defining an interna! space for 
housing the seniioonductor iigiiS-emitting eiemer^t and containing a metai disposed on she eiement mounting surface; 
and a motal fayer disposed en the reflective surface. The refieotive surface is eloped relative to the eiement mounting 
surface so that a diameter of the internaf space is greater away from the element mounfing surface, 
[0009J in a tight-emitting element mounting member font^ed in this manner, the substrate serves as a high thermai 
conductivity memsar, iiws Hiiowing adequate dissipation of the heat generated by the semiconductor light-emitting 
eiement. Furthermore, sines the refiective member contains meta!, processing is made easier compared to a strucfure 
in which the reflective member is formed from ceramic. This maices it possible to provide a lighft-emSting efarjent 
mounting member that is easierto process, 

[001 0] Aiso, since the refieotive member contains metal, the bond wiSi the metal layer disposed on ttte reflective 
surface of ths reflective member improves. As a resiiit, a light-emitting eiement mounting member that is easy to 

produce can be provided. 

[00111 it would be ptirferabie for tije iigbt-OTitSng eiement mounting memberto further inoiude a bonding iayerbond- 
fng the eiement mounting surface and the reflecSye member, A heat resistance fempemture of the bonding layar is at 
least 300 dsg C. The bonding layer meits at a temperature of no more than 700 deg C and bonds the eiement moontlng 
surface and the reflective member, in this case, since the bonding tayer has a heat resistance temperature of at least 
300 dsg C, the tjonding layer can prevent peeling of the substrate and the refieotive member and is practicai even if 
the tsmpsraiure when the semtoondtjctor light-emitting element is mounted on the light-emitting element mounting 
member is 250 - 300 cteg C. Thus, s hSghiy reliable fight-emttting element mounting member can be obtained. Further- 
more, stnoe the bonding temperatire is no more than 700 deg C, if metallized patterns fomied from Au, Ag or Ai or 
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■he ei-e fonnsd on ihe siiifaoe of the substrate, degradation of the metallized pettams can be prsvente:j. Sines She 
i-icat 'os sisncc Icnnpo aturo of these metaiffzed jjattsms are ganeraiiy no moie than 700 doc; C, the- bc-ndinq oati be 
C'srSonriRd wnhoijt fiegjacSanDn of the metat(i?ed patterns ijy bonding at a temperaiufs of no more tnctn 700 deg C. 
[0012] Men? prafetEibly, the substrate is insuiaiive, tttst and seconci Jhrough-hoies are Tormets on ihe substtsie. jne 

s 'iisi coDciticior mgion is iomsd a; the first ihrough-hoie, and Uie seooncJ conductor region is foim&ci at the sscond 
ihrough-iiole in litis case, sirtce tne itrs! and secorrd cofitiudof ragiona exterici from im siitface of ih« sijbatraia on 
which the elejnenf. mounting surface is fotmeci to tJie opposite surface. etscWcai pawei can be suppfierf to the iHsl snd 
the aeoonci corwiuctor fegions from the opposite surface. More prefenabiy. a minimum formation dimension of meta! 
film patterns of the first and/orltie second conductor region is at (east 5 micfons and kjss than 1 00 microns. As a resuft, 

w lighl-smitfing ©ismenfs can bs mourned using the tiip-chip method. IVfore preterabiy, the dimension ts less than SO 
fi'iicrcns . rho minjm'jm tormation dimension of patterns here refers to the minitnum widths, nintmun distances between 
patterns, and tfie l\m in the rt^esaifi/ed patterns, 

[0013] Assm!f.or5dLictc3:d<3V!cescc5rfitfi3toihe O'esert it-ivsnSrai-- inoiodes f! !igfit-ei-n!r,ii-tg element rTioifnitngftie-mbst 
:js described ir> any of the abo\fe &tKiAh'y---.o- .:ijc-o; ii.inS.5.r-'S.-i5oe;rea:r^iour:tcdc.nthee!ornQn!riOLiniii-ig?ijrfac:B. 
iS The semiccnductM iight-emitling eie-r ■: . : -i . r- ;!.!;.-■,,-- r,i ir..; eioincRl mo.iAtngstji-iace sndfhe siib- 
slratci !ncUidflS3bf>tfom.^yft::OC>po,'S!t.. ■ :■ : r -i- >c,o'tit-f,"^T.\."irgsuftaf:c AtstioH/Lbc-iwoenadlstance 
f-i from file bottom surface to the element p-iOvj.nt,ng surface ^fici a distence t a!ong a dftection of a iong sida of ttss 
main surface of the semlcomiijctor tight-enrsitting siement is at least 0.3. 

[0014] !n this case, since the ratio H/L between the tong-sids length L and the distance H from ths bofeom surface 
so to the element mounting surface fs optimized, a semiconductor device wSfi high heat tSissipation can be obtained. If 
the ratio H/L between the loi^jj-side length I. and the distance f-l from the bosfom surface lo fha siemenf: moun'Jng 
surface is isss tha^i O.S, the d stance H ftcm the bottom surface to the element mounting surface becotias too smai! 
relative to tl^e iorjcs-slde length l, preventing adecjuate heat dissipation. 

[0015] tt wouid bs preferable tor an etcctfode to be disposed on \>-^c r^\■i^■^ it^nca side of the sGmiconductof light- 
ss Brmmq e!f?meni a-id oiecfrieaity contiected to the first antJ/or the Sbczp-a -or region, fr this case, since the 
ttoJo is u^;i^lo:■<^^d o'l ths main surface side and the electrode rj-o^.-icd etectricaity io tne first and/or 

t')£: oc;;or!d eondiictcj! togicn, liie heal generated by Ihe iitjhi-srnissiDn iays-f, which is !i>G .=sec;t:On of the semiconductor 
iighi-em.tfing element tiiat especially cj(;rcr;j*.cj-~ t oa!, is irans^irted directly to the substrate by way of ths elearode. 
As a r-esuit. the hest generated by the Jicjh^ 3rvsj:cn iyycr s e?T,ctentfy cfissipated to the substrate, pfoviding a iight- 
33 emitting alemenr mounting member with supenof coofing pt opodies. it would also be pnslerabie for the nuain surface 
to have an area ot at teasl 1 nwi^. 

Brief Description of the Drawings 

m fp016| ' , 

Fig. t shows cross-section drawings of a iight-emilting element according to a firsf embodiment of the present 
invsf»8onand acmss-sectiondrawtt^g of a semiconductor device using the same, Rg, lAia a cross-seotiort drawing 
of a semiconductor device aocording to one aspect. Fig. 18 is a oross-section drawing of a semiocndijctor device 
40 according to anolher aspect. 

Rg. 2 is a perspective drawing of a iigfit-emitting element mounttng member and semiconductor device ^jown in 

Fig. 3A is a perspective drawing of *e semiconductor light-emitting atement shown in Ffe, 1 . Rg. 3B shows sampie 
ouiiines shapes of a main surface of the element 
4S (- jg 4 is a flowchart for the ptJtposs of dsscriliSfig a method for maifihg the ssmicondiictof device shown in Rg, 1 . 
Fi$!. 5 13 i: cross-section drawing showing a first step of ttie method for maldng the semiconductor device shown 

in Fig, 1 through Fig. 3, 

Fig 6 is A crosi-ssclion drawing showing a second step of the method tor making the sfsmiconductor dsvioe shown 
in FlQ 1 through Rg. 3. 

so Rg. 7 is a pian drawing of a substrate as seen ffwn the direction indicated by the arrow Vii in Ftg 6. 

Fig. 8 ts a cross-section drawing showing a third step of the method for making fhe semicondtjsaor device shown 
in Fig. 1 through Fig. S. 

Fig . 9 is a cross-section drawing showing a fourth step of *Ae method for maicing the semteonductor device shown 
in Fig 1 fhrotjgh Fif] s 

S5 Fig . 1 9 Is a ct oss -.section drswing showing a ftfth step of the method for maicing the semicoridi.(c;tDr device shown 

In f-'lg 1 through Fig, 5. 

Fig, 1 1 is a cross-sediori drawing showing a sixlti step of the method for maiiing the semiconductor dsi.'ice shown 
irj Rg. 1 through Ftg. S. 



4 



EP160S524A1 



"ig 12 is a cross-sect;oii drawing showiftg a sewenih step of the method tor matsing tti6 semiconductor (Je\A:e ' 
shown in Fig, 1 through Fig, 3. 

f^ig. 13 ij; Si croHs seciKJii cJrfswing of a iight-emitimg element tTiounfing member and samicQfxiuGtor jfevice using 
tUs same acconJing •» a seconci embodiment oT ths present Snvenrfon. 

s 

Best Mode for Carrying Out the iovsntion 

[am 71 The embodfrnents of the present in venSion wSI be desof fbed. wftft references to the figoms . in tha embodiments 
beiow, identicaf or similar stementB wili be assignsci 8ke numerafe and ovatlapping descrpiions wlH be omitted. 

10 

(FtfBt embodiment) 

[0018] F c) i 1=; p L'-o'^f -sssciion diawing a hght-emitiing sjlomoo* mourjing memberaccordtng to affrstsfrtoodtftient 
i/il,o j.rt-vp!, pwitfo-'^'ic ^^^tmcQ-iCiuc-nt device j3mf)1no?atne H'j 1A is across section cirawrg cf a sonscon 

is ojciar J3\i^ > -jccoKii'ig tu oro -is-ro. - . i =^ . , t os- -rtaicn draw.-^ci '>f a ^--^miootnLCiot Joviso Accordmg to 
.=•■! Jtho' ?\sncoi " g '-^ ? a ->P"'^t,tr'C'ixv o « v. j t>- ^ t jrt ! ot inn. o( ucv fi' ^j-^own 'n - g JA =^ifj 3 !- prrsf > c'S>/f^ 
a'avt,>(ngonre£or^oordt.,:tc '[C,nt-tjm |jingci»,mi-nt shown in Fig lA As shov-.n n Fig 1A "ig ? fSud-isj S c pc-^r 
tconductor dcvfca iCO .icco-dirq -o liie first embodiment of tiie presert mve'-ition nc!,.c:Bs a light- 'l,rg {-Icr-crl 
mounting member 20J anj a ee'nicorjductor lighE-omitttng element l mounted di an eisn-ie-^i rounttnq surface "^a 
The semiconducto' iig'-t-s'r rsng domstit 1 -ncfodes a xmm surface 1a facing the eienr^snt n^ounftrg sufvtac 2a, )n '.his 
exarnp a l-e rrt-ifn sutface 1 a fe fomwd as a rectangle mending a longer ffret side 11 and a shor^r seswRd side 12 
A subsSraie 2 inctudes a bottom airfaee 2fo opposite from the elsmanl mounting surface 2a. A distance H from the 
bottom suiRce Eb to the eSement mojnting sorraco 2a and a tetigfh L of the first side 11 have a ratio H/L of at toast 0 3 
[00191 The light-smftUng eiemerjt mounting member 200 mciudas the substrate 2 and a refiecHve rf ace 6a snd is 

ss equipped with a reflective member a and a rjietal layer 13, Ti\& substrate 2 includes: the mounting surface 2a for 
mour?ting a semiconductor tigiit-emttiing elsmertt 1 ; and first em6 second conductor regions 21 , 22 disposed ar> the 
element mourning surface 2a and ocnneoted to ffie semiconductor Sght-emittins eia'nGnt 1 . The refiec;ive surface 6a 
defines an innar space &i which houses the semiconductor ligtrt-emitting eiemerit 1 , The rsiiecHve member 6 is dis- 
posed on the element mounting susfaceSa atidcontains melat. Tha mafal layer 1 3 is disposed on the reJiective surtaca 

30 Sa. Tins reflective surface 6a te sloped relative to the eisment mounting surface 2m so ximi the diameter of ihe inner 
space 8b te larger away fmm the eiement mounting surface Sa. 

[0020] "{"he itght-amttting elemem 200 is further equipped with a bonding fayer 9 that joins the eisment mounting 
surface 2a and tfse reftecttve msnber 6. Tfte bonding layer 9 has a temperature rating of ar least 300 dsg C, and m 

i3ondlng iaysr 9 metts at a lempsrature of no more than 700 deg C to bos^d ttie element mountsrig surface 2a md the 
refiective meniba) 6. 

£0021 J Tiie substrate 2 is insuiative and is formed witt-i iirsi and second through -tioies 2h. 2i. Ti>e- firet conductor 
region 21 is disposed or: the fii^t through-hoie 2h, and iha sacot-d tMsuiuciot fegion ?.s Is disposed on the seconcj 
through-hoie 2i.;A!sc>, as described above, id the semiconducfo!- cJevice, the minimum pattern width and i!ie mioimom 
distance betv/een patierrss for She motai film formed on tiis element mounting surface at the first and'of second oon- 

to ductor regions 21 , 22 ars kept within the range of at least 5 micfons and less than 1 0 microns. This aiiows fiip-chip 
Eight-emitting elemems and tiie fif«e to be mounted A rang© of at isaet 1 o mtesione and iess than 60 miorons is preferafoie. 
in partteoiar, smaiier distances are prsferabte between paBerns in the first and second conductor regions 21, 22 as 
long as bad connections are avoided. The j-eason for tfiis is !ha! refiection effieienoy improves when a tetter area is 
metallized. At less than 5 microns, bad connections tend to form. 

4S j;0022J Eiectrode iayers 1b and ff are disposed on the msin surface ia of ttjo semiconductor itght-fimittrng elamsriS 
1 and are connected to the first and secjond conductor regions 21 , 22, The area of the main surface 1 a is at feast 1 mnfi. 
[0023] The substrate 2 is electricatiy inisuiativc and forTWd irom a material with good iisst conducSivi^, The material 
can b& selected based on the usage envfronment. i=or sxarnpie, the matariaS can bs ceramics having as the main 
cofnponent akiminum nitride (AINi), silicon nitride {Si-iU^), aluminum cxide {AtjOg), boron nftride (8!^), stiicort oarblds 

^ (SiC) , or the !ii<e. Altemativeiy, a rnateriai fhat tsas as the main component eiectricaily insuiative siiicon (Si), or a com- 
posite materiai or a c wtbination of the above can be used. 

P024] The substrate 2 acts a$ a hm sink that dissipates heat. Thus, higher heat conduction Is preferaiJie, and a 
heat condtiction rate ot at teast 14t) WJm- K would be preferable, with a rate of at least 170 W/m < K being mors 
preferabis. if a periodic table group l!l-V compound semiconductor iight-emiaing element or a group if-Vi compound 
setniconductof Itgtjt-smlfflng element is to be used for the semiconductor i igijt-emiiting eiement 1 , ^ wouid be prafsrabfe 
for ths tharma! expansion coeilicien! (iiitear expaftsivity) to be at teasl 3.0 x IQ-^/K and no mot^ than 10 x iOr^/K in 
order to match the themnal expansiof) Goe«icierit of tha iight-emitting element. 

pjoas] Au films Sa, 3b. 3 are fomied on the eiement mounting surface 2a. The Au film 3 sstves to improve the bond 
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between the boficfiftg tsyer 9 and the substrate 2, For this reason . the Au film 3 is formed from a matanaf that inproves 
the bond bstwesn she bonding iaysf 9 and the substrata 2. The Au fiSm 3 is usad since, !n this embotJirnettt, rvitflde 
afuminum, 3 ceramic, is used forths substratea, and Au-Qe is used for ttie bending iaysr 9. if ihemaJeriat usedia the 
bonding layer is changed: then it woafd be possible to form ths Ait fiims 3, 3a, 3b as layers having afominiffn as the 
main component or siiver as the main componsftt. The An fsims 3, 3a, 8b are formed by plating, vapor tispositlon, or 
the like, it would aiso be possibie to interpose an intermsdiaSB iayer to tmpros?e the bond, 8,g,, a tftastium layer or a 
platinum iayer beiweeri tbe Au fiims 3, 3a, 3b and the element mounang surface 2a, 

t0026} Examfwes of intermediate iayers aisposed between the element mounting surface 2a antJ ths Au films 3, 3a, 
Sb include M, Nf-Cr, m-P, Nl-B, and NiCo. These can bo fotmsd by ptating. vapor deposition, or the (Ike. If vapor 
deposition (s to be p^fomied, matsiiais men as T1, V, Cr, iMi, NiCr alloy, Zr, Nb, Ta can be used, it would aiso be 
possible to stack plated iayijrs snd/or vapor depositiof i layers. It would be pref erabie for tfje thictoiess of tfie lntemr\ediata 
layer to be at ieast 0,01 rmi and no more ti-ian 5 mm, and more preferably at least 0.1 mm and no more iiian 1 mm. 
C0027| inttsis example, ii wouid aiso be possible to form an intermediate iayer. e.g., formed from aTyPt iaysrsd fiim, 
between the substrate 2 and the Au films 3, 3a, 3b, The fiim confaintngTi in this stacked film serves as a bonding tayor 
to Improve bonding with the substrate S and is formed so that it camsa into ooniact with the uppsr sLirface of the 
substrate 2. The material for the bondl.ig layer does not need to be liianinm and can bs, for exsrriole, vanadium (V), 
chrome (Cr), nickel-chnsme aiioy (f^lCr), zirconium (Zr), niobium (Nb), tantaium (Ta). or a compound of Ihereof. 
0K>2S| Atso, the platinum {Pt) film In the Tf/Pi stacked film is a difftjsfon barrier iayer and is forn^ on ths upper 
surface of the Ti fllrtj. Tfie maleilsl does aci need to be pfatSnum (Pt) . and can be pattetJium {Pd) , nfckal-chrome aiioy 
{HfCr). nk:ke! (Mi), molybdenum (Mo), copper (Cu), or the like. 

1^0231 The jyPt stacked film and the Au fiims described above are cotiectiveiv referred to as a metaiiized film. The 
tnetatiiKed fiim can be formed using conventional fitm-fonning methods described above, ror exampfe, vapor deposi- 
tion, sputtsrifjg, or plating can be used. Tits patterning of she TOPt stacked tiim and the Au films can be performed 
using metai masking, dry etchtrg, chemicai etching, or lift-off involvirig photoiitiieiijriiphy. Jheae metiiods are suitable 
when fomtilngfine patterns rijstticted to ir-ss ttian 1 00 micsoncj or less than 50 microns, 

{0Q3O| It would be preferabfes for the tiiickness; of tii s; I itariiurn (Ti) film irr the Ti/Pl staoi<ed fiim to be at ieast 0.01 mm 
and no more than 1 .0 mm. and ihe thickness of the platinum (Pt) film to be at leas! 0.01 mm and no more thart 1 .5 rrm. 
[0031} The fhteknass of ti^e subatrate 2, i.e., the distance H from the bottom surface 2b to the element mounting 
surface 2a, can ba setup according to the dtmensionsof thcsemtconductoretemefit 1 , but, as an exaitipte, the dtsfance 
H can be set to at least 0.3 mm and no mors than 1 0 mm . 

P032| The semiconductor iignt-emltling element 1 is disposed so that it comes into contact with the Au films 3a, Sb , 
The ssmicondiiciof iight-emiiiirig elentssni 1 cafi bs; fomieci from a group i!~Vt compound seti^iconductor ligi'it-emitting 
element ora group lll-V compound semiconductor iight-emiitifig element, Tiie group !l elements hers inciuds zinc (Zn) 
and cadmium (Gd). The group iti eiemerits include boron (8), aiuminum (Ai), gallium (Ga), and indium {In}. The group 
V etemenls include nitrogen (N), phosphorous fP), afBonic (As), and antimony (Sb). "me group Vf elements tndude 
oxygen (O), sutfur (S), selenium {Se), and tslturium (Te). Tho serritcDnductor light-emitting eiement 1 can be fonnad 
as a compound semiconductor that is GaAs-based, inP-based, QaN-bssed, or the like. 

[0033} Throtigh-hoies Sh, 2i are formed as via holes on the substrate 2. The conductors used to fill the through-boles 
2h, 21 fotm the first and second conductor regions 21 , 22 The main component for the oonductof (vis fill) is prelet^iy 
a metal with a high melting point, particularly tungsten (W) or mclybdenym iWio). It would also be possible to further 
include a transitionai metal such as litanium (Tl) or a glass componsfvt or substrate material (s.g., aiumtnum nitride 
(AiN)). Aiso, thefhmugh-holes 2h, 2i do not need to be filled wtth conductor if the inner surfaces thereof are metaiiized 
by plating or the like. 

[Q034J Ths surface roughness of ihe element nwunting surface Sa is preferably no more than 1 microri Ra and more 
preferably no mors than o t micron Ba. The flatness is preferably no more (ban S microns and more prsjisrabiy 1 
mioron, tf the Ra exceeds 1 micron or Jhe ftatnass exceeds 5 miororts, gaps tend to fomi between ihe semicondiictor 
lighi ■emittirig eiement 1 and the substrate 2 during bonding, leading to reduced cooiing of- the semiconductor light- 
emitting eiement. Surface roughness Ra and the flatness are defined according to JIS standards {JIS 30601 and J!S 
B0S21 , raspaciivsly). 

[0Q3€] The compound ssmiconduotors descnbed abovs are examples of materia for the smniconductor fight-emit- 
ting ©temsrtt 1 of ths pressfjt invsnttotj , but ft would aiso be possible to ^ack these layers or bulks on a substrate such 
as a sapphire substrate. The light-emitting ssctiof) can be at either the tc^ sutfaoe or the bottom surface, in this em- 
bodiment, (he iigfjtemiltfng iayer 1c is disposed on the subslrate side, Stfjce the Bght-emittiag layer 1c, which !s the 
heat-generatirrg section, is disposed closer to the subslrale, heat c8ss?m1lon for the semiconductor element can bs 
improved. 

[0036] A metaltixfid layer, e.g., an electrode layer and insulation iayer formed from silicon oxide fiim {SiOg) can be 
formed on the surface of the sernksinductortight-emitttng eismenti disposed on the substrates. It would ba preferable 
for ths thickness of ths gold {An) ssfvirsg as the electrode layarto be at least 0,1 micn>ns and no more than 1 0 microns, 
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[0037] < o ) ^ if tn( 111} en i\mg eicmpnl 1 mr ud >s a foaw un* ' fomec *mr 'ss'ppttiro oj ne iKe, a ssm 

f-croj^tt-r l-yor 1 d n t of ic wtU Ir > ^ jst* vi nt 1 a i qhS c« i tir q Uv r 1>. ^ t f a it id >«'c!)on of tho semtoon- 
UuUo' i JV£>r Ifi H ons lOIcJ jc a-- dyC !q i- contac* \vfr fe i^jN »rii)'in' • .v<" i * K t oJc feypr -^b in conjsict 
<vk'i he >=:e'~5icotoLctc iaveMs a-ci v <■ , '•^'^fv.^rUu'-to 'a/erld 

s [0038] iiestrucursQttUtv>m.of- ' - . -^^ ic J - Matia bhovn n fa 1 A "or 

ex-irrpe wojirf af c bt pimbl'^ io at ^ >- >\ t »oifOtio i ^ if he sen 

t OT.uUOf aysr cJ the tight emrttmg lyo > - < .ontiuctof t i^er 1g arc t>ie alectfooe Ujrof lb arc slcicKotj i ) 
tnis case, aiectmctes are prfsssrsf on ixiti! ma [rent and back of file semkJonductor Dght-emimng element 1, and ths 
etectfode layer lb is connected Dy an Au bcnafne iffie 71 to the Au {iirn3b, tn Rg. IB. onfy the first concJuctor region 

io IS dtf eof ly bonded to the semfconductor nqht-emitii nq element 1 . 

[0039] As sho>.vn m f-jg, 3A, of ttje sfdea thist fotm the iTsam stirfaoe ta. ths first side 11 is the long side and ths 
seoono stde 1^ ib the stiott side, Howovef, it would also be poe&ibie to have tiws ftnst side 11 be the short side and the 
=pcorc & -a ^ Us tn« fong ^fdo if) Jhfs example ine mam aurfgc® o tho semioonduoto- isght-emmmq element hs 
t(^f*.<)>g u so tht> brq <;i(j-^''ntfo<;pords o the length L along the d'rsct'on ot «fio farq sido rha first side 11 extends 

iS f< jqnh' ^i. pi»rdicuitst lu 'hp ritrpc-hr 1 in witr h ihp tight-emitting taypi c o<!< 'id=: T^m ssc^ro side 12 expends roughfy 
P^trftSipitr IhPiiq*^' emitting I yp! 1c Also me irs side 11 a'ic< (hcwi i-^d li^VcHnt* r -nj^hly itts tame length If 
the f.'st Side 11 and the soronct ?f-jc 12 are roughly the same lengih the uda *1 is t « .^tt d rf*- tl o nt o 
Furthermore, iJ the mam surface la ts not rsctefiguiar. e.g.. if the asmers are roundeo. ths tong side is detined bas^d 
on an af^nsximatfon of the maiti surface t a to a rectangle Also.whiic hef-p estoo^herambov-imi i* jfthopttscri 

» mventfon, If the main surface 1 a is red:angu!ar as in this example, the ooposits surface wjIs generaily roughly ths 
same shape, boi mis tjoes mi need to ce *e case, Aiso, as anown in the exampies of matti surface shapes in Fig. 
3B, the main stirfaoe can be tion-rectangular. The (efigtt! alattg the diretSfoo of the long aide (rfthe main surface of ths 
, s©nf)ic<snctuotor element of ths present iwantion b measured from ths outline of the image projected in a direction 
perpendicular to the main surface. Fig, 331 through Fig. 3^ at^a exampies of this, and the indicated SengShs L are the 
tortgths along the dirsction of the iong side. For exampie, if tite shape is a oircie or a square, the length would be the 
diameter or one of the sides, respectively. )1 the sriape is an ellipse, the Sength ot the major axis is used. 
[00403 eitampfe, Ihs long-side iengtr^ L of the sennicondoctor tight-esnitsing eiement 1 corrDsponds to f ha length 

of the first side 11 . it would be p-'eferabse for the ratio HfL between shis length and the distance H from the botlom 
surface 2b to the element moifnttng soiface ?a lo be at least 0,3, it woutd be more preferable for the ratio fit. to be at 

30 !eaat4,5 and no mere than ltwot}ldbeev8nmorepfeferal3iefortheratioHA.tobaat ieastCSandnomoreman 1.2S, 
[0041] The reffasslve members is disposed so that IS surrounds the seniiconductoriight-emilting eiamant 1 . A rnateriai 
having a metmal coefScient dose lo the aluminum nitride fonning the substrate £ is used. For example, the reflective 
member can have a thermal expansion cosffioient of at ieast 3 x 10-s/k and no more than 7 x W^/K it would be 
preferable for the reftecfive member 6 to have a thermal expansion cosfiiotent of at least 4x10"^ /K and no mors than 

ss 6x1 0-®/K. Furt hermore, it wouid be pf eferablc in tef ms of ease of processing to use a mesa! or aiioy or a sTieta! composiis 
material. More specifically, tlie refiactive member 8 is formed from a Ni-Co-Fe aitoy, with the main components being 
Ni with a proportion of 29% by mass, Co with a propartic:n 1 8% by mass, and Fe witii a proportiori of 50% by mass, 
[{50421 The reftective sarfaoe Sa is & tapered, sfoped surace disposec! on the refiscBve iTierrsber 6, Tire reftecslve 
surface 8a forrns m angle relative to the element mounting surface 2a preferabtv' in the range of 30 deg to 70 deg and 

^0 more preferably in the range of 40 deg to 80 deg. A plating iayer 7 formod from Ni/Au is disposed on the refleot(s/e 
member 6. This plating layer is used vshen an Au-bassd solder (Au-Ge) is to be used tor tho bonding layer© and senjea 
to increase tfte bonding strength between the bonding layer 9 and the reflective member 6. A piating layer 7 can aiso 
be disposed along the entim petlmeter of Ihe rafleclive member 6, 

[0O43| A metai layer 13 is formaci to cover the surface of Hie refiecSive member 6. The metal iayef 13 is forn-ied by 
4S plating or vapor deposition and serves to Set out light emitted from the semiconductof iigW-emitling elsmsnt 1 . 

[0044] The reSscfive surface 8s defines the inner space 6b, and She inner space 6b forms a corse shape . Tiie circular 
cone shape shown in Fig. 2 is an exampie. However, it vvoLiid aiso be possibie for the inner space 6b to be forrried as 
an angolsr cons shape such as afouf-side cone or a trisngular cons, Aiso, the rsflecfive surface 6a can be formed as 
a curved surface such as a paraboiic surface. 
so [0045] Next, a mettod for roaicing a semiconducior device 1 00 siiown in Fig. 1 tli rough Fig. 3 will be desctlbed. Fig . 
4 Is a flow chart iiiustrating the method for making the sernicondudor device shown in Fig. 1. Fig. 5 through Fig. 12 
are figures forttte purpose of dsscribirtg the tnathad for msking the semiconductor device sfiown irt Fig, 3, 
[0046] Befsrtlng to Fig, 4 through Fig. 5, a substrate is produced first (step 201), Since tfte isngfh and width of this 
type of substrats 2 is very smaH, on the order of a fsw miliimeters, a substrate base with length and vyidgi of approxi- 
ss mately SO mm is produced and the through iioles 2h, 21 are formed on the sobssmie base materia!, Ths firs* and second 
conductive regions 21 , 22 are formed on the througb-ltoiss 2h, 21. Then, the substrate base is lineiy cut to a prsdefsr- 
mined size. The si26 of liie subslrate base in thte method can be. for example, 50 mm In wldUi, SO mm in length, and 
0.3 mm In thickness, The sintered aluminum nitride, which is tiie substrate maSerial, Is made using a standard method. 
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The cuimq and splittirt;} the; isutsijlrijfe ba«; to a prodraterrnTod si^-s; can for c-xmr^isic-, bs; porfonmcci after bondinfi {step 

206) or at another stop. 

[0047J M«xt. the sU'"face c' the sabsirate ffoir " 9 sscorc -s ficaas:; ;s;s; i-J.i! 'Ti? surtece roughness ot the 
febrfi(3«d substtiiffj tjurfac-sj is preferably an fin r o -r-or-; ' 0 r-i,crors h^ic r or:; firefataftly no more ihan n ' 
microns Tfie abracjing v.ax\ perfomieti tissng ;5 i;-;' rr i.!'! ...u .^^iL:■! .-i^ vV;:-": a c-r-nQe^r, sfiiid blastiny, sand p;jptir, 
or other rneShods tismg abrasive partfcfes, 

[0048] As fcijown in Rs} 4, Bg. 6, arid Fig. 7. an Au iiim is lomiecJ using plaling o! vapor deijcsiiiori crs thes sdjiTiarit 
moumins surface Sa and the bottom surface 2b (jf the substrate 2 {step 203). Mors specificaSy, io liie case of this 
embodiment, for axarnpte, IWt te first vaporizsd to 6«»rve as a baoidng layer and an Au fiSri is vaporize<J on this, "i he 
vapor deposfelon method oan . tor exarfipie, irsvolv© photolithography, where resist Wn is tormsd on the sections of the 
substrata outsirf--; o' Vna rog-ons which ihr- films ars to b« Jorrrwd, with f hft layers being formed on the nssststfiim and 
the suissitaie. First, the Tifilrn jorvrifj ;h;; bcric;;''g i«yor v-npori^ed :ottci»/ec!bythe Pt film serving as the diffusion 
barrier iay&r, anci then tinsify ilio Al; fiirii wiiic.:' is v-.a sicoStods layt - s vaporized as the outermost layer, Theri, lift- 
eft ct the resisi fs perfomnsd, Wor« sp3cit;f-a;iy the r&sisi i in formsd :n (hs above s-^ is ramoved ebng wfth films 
from the bonding layer, the diffusior^ fcarrie; layer &ne 'Mo <3iectrode iayor ustrjc; a rosist remov«a fjutd. As a ressJit, as 
s hown in Fig 6 ar^d Pig. 7, the Au fiitris 2. 3si. 3b, 3c, 3c! are foim:K3 m predete'Tr-ined patterns on lha substrate. The 
Au films 3a, 3b are fomed atthe centra! seclion of Ihs substrate, and the Au fltm 3 is formed to surround these films. 
By forming the metat films using a method such as phototithography as deschbed above, patterns with p^tem dimen- 
sions of no more than 100 microos can be fcMmed, af>d it would also fas possible iD form patterns with dfrnatisions of 
no mors than SO mfcrorra. The cSmensions refer to ttia arjaitsst distaice between patterns, the pattern widths, and the 
iiite. As a rasiiit, it is possibie to mount periphera! members that require high-precision dimensions such as flip-chip 
semiconductor light-etnitttng elemente, 

[00491 The reflcotive membsr 8 is prepared, as shown fn Fig, 4 and Fig, s. As described above, the reflective me,mber 
6 is formed from a materia) with a thermal expansion coetficient close to that of aiumiDum nitride, e.g., an aiioy wfth 
iowthemiat expansion formed from Ni Co-Fe. 

jtlOSOl As stiown in Fig. 4 and Fig. 9, the reilecSive surface 6a is fomiad by procassing the refiijctive member 8 {step 
204), T>je reflective suifaos Ba sxpaticfe outward, forming an angie (e.g., 45 deg) reiative to the widest surface of trss 
reflectivK mambsr 6. 

10051} As shown in Rg. 4 and Rg. 10, aplating layer 7 is fomied on the refleofive member 6 {step 20S)- The pisting 
iayer 7 is an WAu 6ta:^<, Forniing the plating layer / along the entire pehmeter of the reflective member S is acceptaJjfe. 
10052} As shown in Fig. 4 and Fig. 11 , the rsffective memt>er 8 and she substrate 2 ar-e connactsd (step 208), The 
bonding layer 9 can b& sofder, seaiing/coating glass, heat-resistarit adhesive, or the iitce, ano c.atmects the raftective 
member and the substrate ai a tenperature thai does f^of exceed the temperature toterancs of the metaJli^sd patterns. 
An example of solder is Au-Gs solder. Tfie use of solder Is preferable due to bonding strength and its Pb-free cohtant. 
Examples of heat-resistant adhesive?, include inorgisnio arfhiesives and resin adhesfves. An example of solder is Ag- 
based soider. Examples of inorganic sdhesives iriciude glass and ceramic adhestves. Examples of resin adhesives 
include poiyimide resins, poiyamids -imide resits, epoxy resin, acryiic epoxy resin, and liquid -crystal polymer resin. 

As showri in Fig. 4 and Fig. 12, the metal iayer 13 is formed, e.g., thnsogh plating or vapor deposition (step 

207) , The nwtal layer 13 serves to let out tight emitted from the semiconductor iight-amltting element, and It would be 
preferable for the outemjost iayer to be fotrrred from a matettat wfth a high reflectivity, e.g., Ag, At, or metals wlSi these 
etemettts as main components, ff the r^ectivity of the reflective member 6 itself is high, the metal Sayer 13 can be 
eliminated. Also, in same cases, the metal iayer 13 on the An film 3a, 3b where the eiemsnt Is mounted may be 
efiminsted In order to roprove the reliability of the bond with the semiconductor element, 

^054| As shown in Fig, 4 and Fig, 1 , f hs semiconductor iigfit-emittlng element te mounted (step 208). The mounting 
la performed in this case using a fllp-cfiip connection with th© ligtit-emining layer lc disposed toward the substrate 2. 
As a resuit, the heat generated by the ligh! i'mitiiiig layer 1c is ttansfsnsd Snmedsately to the substrate 2, providing 
good heat dissipaiion. Examples of members used in she connection Incltide Sn-based solder such as Sn, Au-Srs, Ag- 
Sn. and Pb-Sn solder, as weli as bumps fomied from Au or any of tiiese solders, 

[0055] !n the tjght-emiilfng element mourrting member 200 and the semfconductor device 100 using the same ac- 
cording to the present invention as described above, the reftective member 6 contains metal. As a result, the metal 
iayer 13 can be formed direcliy on the surlBce of the reftective member 6. Also, if the rell^^ve member S is to tje 
processed in the step shown in Fig, 9, the processing is made easy and productltm costs can be reduced. 

(Second embodiment) 

|OOS0j Fig, 1 3 is a cross-section drawing of a ligtit-emstting element moiintlng member and a semiconductor device 
that uses the same according to a second embodiment of the present invention. As shown in Ftg. 13, in the iight- 
emtEting element mounfing member 200 aojording to the second embodiment of the jjsasent inverttion, m©tai films 4, 
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4a. are formed on the eSement nxiurtfitig sttsfijce 2a, and this nieJai films 4, 4a< -tt* are formed from Ag or AL in this 
case, as showri in Fig, IS, it is possible id have the mufai Isys;-r 13formeti only onth© refiemfve member 8, 
E0057J in ihis QEsse.titesji-neiacivamagesare provided as those of the iight-emlttingsisrnentmoiimingfoefnfaar 200 
and til© ssmicofiductor dsvice lOO acEorcJing to the first cmbOvSimenr, 

Working example 

[0058] A dstaiied study i!*o Ifie characterisiics of the boncfing layer 9 bonciing Vhe substrate 2 and tiie reftecJiv® 
member 6 was performed using a working example. Fieferrins to Fig. 1, tiie relleotive member S wss attached !o ihe 
?o eSsmsnt mounting surface 2a of the sub^rate 2 formed from aiumSnum nitride, interposed by the bonciing isyer 9, Tiie 
rsfiesfive msmber 6 te an i^ii-Co-Fe sSioy with an Ni proporttDo of 29% by mass, a Co proportion of 18% &y mass, arid 
an Fe prQportton of 53% fay rruisa. Aiso, the dimensions of She reflective member 6 wora Sf^to 6 mm x S mm x 1 mm 
{height X width x tf^ickrjess). 

{OOsej For th« bonding tayer 9, the sample 1 through tha sismpte 8 from Table 1 were used. 

IS 
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[0060] In TabiS 'I . the cor npons'it conSfjri! pefcefjiafjas in the "Materisf for the bonding layer S" coiomn referto psrcsnt 
by mass, Tiiess boncji ^cj iayt ' s P were rnei-eci at the "Soridtng temperatujs" in Table 1 to tiofiri the subslfSfte 2 the 

retiectsve men-iber 6. 

[0061 3 suengih tiesl resistance, ■•^ind dctcfioffstlo-! c;' ^ 'is ci^rirorfg nneia5if2ed pattarns, were studied forthe samptes 
s obiaine-d in -his fnannsr. f-crsirengih. ins stfoni^tn f ;;!r;,;-:^if-', when cooled to room temperature {2Sdeg C) after 
boridl'tci v,'as m.-saaured. Sul-jaaurarrKsnU-s ware r-,ac:c- ls' s jc y.n^ d load to the feflGclfVR merpber S from IhsdirscUon 
(ndic:af.srd byarfow5f in Fig. i arid deierminisig the prossortnvtien me reflective member 6 deiacheBfTortUhe substrate 
2, Based on the t«su!ls, art intJis} strength of al least 10 MPa was dsfsf mined to be good and a cirels wae entsred in 
the "Strength" column- An "X" was entered for samples with iniJiai ^rengtha of less than 10 MPa. 
io [00621 To waitiate heat resistance, ths bonding layerwas left in an atmosphere wtth a temperature of 300 deg O for 
om rriiriuts and for 24 iiours at tho same torrtpcralure. The samptes in which the bonding iayer 9 did not rn«3it again or 
sonon snd for which tiio tirop it} boridirg strarsgih, as measured accordthg to the metiiQd incficaJeci m Pig. 1 , was tees 
man 1 <)'•/., was eyatLisSed as good and a circle was eniored in ths "Heat resistance" coiomn. The resuits ftorti 300 deg 
C tor ons rnmoie was yritered ir; ihe "Heat resistance 1 " col-imrj and the rssuit from the same temperature «a24 hours 
ts V/8S entefet] tr> {he "Hn Ai r^sistanc.a 7' coU^vnr. . For sfimpljss wisi-' ■^c^d:r^g strength drops of 10% or mors, an "X" was 
entered ir, the "Hsat tesistancs" column T he djop in i)ondif;i} sttenfst!} was ratetjSated tising the fomiuis ^At-ASyAI ), 
whera A1 is the initia! strengtE) sncs A2 ia ihs strength ai roorr^ temperature after beifjg iieaied h- 300 tj«g C. 
[0063] in ihis speciricaHon, "a bonding tsmperattire oi at ieast 300 dag C" rsfe-s ;o when the boncng ■ayer 9 do&s 
not re-melt or soiten eveti after the bonding Sayeris icept in a 300 deg C atmosphere for 1 minijte and \hsi has a bonding 
strength drop ot (ess than 10% when measured accordit^g to the method indicaied in Fig, 1 . The drop in bonding 
strangit! is oaSaialed osifjg the fomiuta {{AI -A2)/A1 ), where AI is the initial strength (bonding strength before the iayer 
is i<Qpt in a temperature of 300 deg G) and A2 ia ttie strength at room teniperature after being icept in a 300 dsg C 
atmosphere for 1 minute. 

[P06#J Ths deterioration of the electrode metalttzatlon patterns (Au Sims 3, 3a. 3b) was measured as weff- More 
ss specificatly, visusi itispectiorss md thicltosgs measurements were performed on the eiectrode metai^ed paterns after 
the light-emitting eisment mounting member 200 was icept in a 300 deg C atmosphere for 24 hours, Samples in which 
detestation such as discolomlton did tjot take piace for Au films 3, 3a, 3b were indicated as cirxjies, if there was 
(Jiscoioration in the Aii fiinris 3, 3a, Sb or if ttie thtcicness of the Au ftims 3, 3a, 3b deoreaesd, m "X" was indicated, 
[OOesj As shown in Table 1 , good results ware crfstained in the sampies 1 , 4, 6, 6, 7, 8, The sampfes 1 , 4, s proyftjed 
30 esp«cialfy good results. 

[OOSSl Aii aspects of ths described embodiments present examples and are not meant to be restrictive. The scope 
of the preeant invention is iftdicated not in she descripttorj above but by the ofaima of the invention and all modifications 
within the scope of theclaims and within the scope of equivalence to these claims are covered by the present invention. 

industrial Applicai^iiity 

|006?| With the present Inventiort, a iight-emitting eiement fTtoLsrjfing member and a semiconductor device ihai uses 
the same that can be easily processed and that iias superior heat dissipation properties can be provided. 



Claims 

1 . A iight-emitttng element mounting menter comprising; 

*fs s jDstraUs including an element mounting surface mounting a semicooductor itght-emiiting sfemem and first 

second car^auctive '•egions disposed on said eiemetit moohttng surface and conrjected So said semfcon- 
QDOtot ligit-cmitting ecrpcn-; 

a r..jfi«'05!Vf- menber ndi^dinq a fsPectve sufface defining an internai space for housing said semiconductor 
lifjt i-ematinEi eisTieii ana coitainirg .s tnas^il disposed on said aiement mounting surface; and 
a memi iayer dis-xised orj .sffE<j reflective surface; 

Wherein said reflective sitrfacs is sloped relathre to said element mounting surface so that a diameter of said 
interna! space is greater away from said element mounting surface. 

S5 a, A light-emitSng element mounting member as described in daim 1 furthercomprising a bonding iayer bonding said 
element msainting surface arid said reffective member wherein; 

a heat resfetance temperature of said bonding iayer is at ieast 300 deg C; and 
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said bonding layer meits at a temperature of no more than 700 deg C and tondssaid eiemefit mountSng surface 
and said rsjfieciivo rr«5irtt3ef. 

3. A liyhi-e-rrMjiing eiainenL mQUDsiiiy sutface as (iescrtoed in claim 1 or daim 2 

said siibsltale is insutative; 

fifet and second through-hotes are formed on said substrate; 
said first conductor region is fofmed at said first thraugh-hoje; m6 
said second conciuctor ragion is Tomied at said second trsrougfi-hoie. 

4. A ssmicorsducJtor dsv'ice as descriijed in otdm 1 1hrougli clain> 3 whereift a minimufn fonrtation dfmsnsion of meta! 
f lim patterns of said first and/or said second conductor region is at feast S microns and teas than 1 00 microns, 

5. A semiconciuctor device comprising; 

i\ iigttr-ennilin?} eienr-ent mwmtinfj member as dastaibed in any one of cisaim 1 triraiigh cisim 4; ano 
a semiconductor iighi-enntting element mounted on said ejement mounting surface; 

wheresn; 

said saiT'ioDndLtcto'- iq^t sntttinq oicmsnt includes <i m iin surface f icnq aaid clcr^oii mount nq su?icKo and 
aaia substrate mciudes a bottom stirfaco positioned ooaossto trorn sstd eienient mounting sLinace; and 
A'^B'>oHf\ t»o'\won c dfs'aice H fron s?iCi bito'^ -^iif' no o empnl trountmg su'tece and a stsnce 

L. fort} u< ixtoticf.ji^ 1(5 -.tdo ^fE'is.Tu'i". i o iiir f'^'mt tnc ofnt^nt ts. Id is{ C 3 

6. A semiconductor devics as described in ciaim 5 wherein an electrode is disposed on said main sutface sida of 
said semicondtictor iight-omttting sfemervt and is electrioaily connected to said f\rsi and/or said second conductor 
region. 

7. A semiconductor device as described fn dalm S or ciaSn 6 wfteretn said main surface has art area of at ieast t mafi. 
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